T A B L E O F C O N T E N T S
and non-fatal); pooled rate ratio 0.85 (95% CI 0.75 to 0.96). Twelve studies reported the total number of road traffic crashes; pooled rate ratio 0.89 (95% CI 0.76 to 1.05). Fourteen trials reported the number of pedestrian-motor vehicle collisions; pooled rate ratio 1.01 (95% CI 0.88 to 1.16). There was evidence of significant heterogeneity for the total number of crashes and road user injuries outcomes.
Authors' conclusions
The results from this review suggest that area-wide traffic calming in towns and cities may be a promising intervention for reducing the number of road traffic injuries and deaths. However, further rigorous evaluations of such interventions are needed.
P L A I N L A N G U A G E S U M M A R Y
Area-wide traffic calming (such as introducing road/speed humps) may reduce death and injury from road traffic crashes but more research is needed Road traffic crashes are a major problem worldwide. In high-income countries, traffic calming schemes aim to make the roads safer (particularly for vulnerable road users such as pedestrians and cyclists) in areas that are particular 'hot spots'. Strategies include slowing down traffic (eg road/speed humps, mini-roundabouts, reduced speed limit zones), visual changes (road surface treatment, changes to road lighting), redistributing traffic (blocking roads, creating one-way streets), and/or changes to road environments (such as trees). This review found that area-wide traffic calming may have the potential to reduce death and injuries, but more research is needed particularly in low and middle income countries.
B A C K G R O U N D

Description of the condition
The global epidemic of road traffic deaths and injuries is only just beginning. At present, an estimated 1.23 million people die each year and between 20 and 50 million suffer non-fatal road injuries (WHO 2009 ). For people under 44 years, road traffic crashes are a leading cause of death and disablement second only to HIV and AIDS (Krug 2002) . Moreover, many developing countries are still at comparatively low levels of motorisation and the situation in these countries can only be expected to get worse as motorisation increases. In 1995, road death rates in China were similar to those in the United States, but there were only five vehicles per 1000 population in China compared with 770 vehicles per 1000 in the United States (Roberts 1995) . It is estimated that by 2020 road traffic crashes will have moved from ninth to third in the world disease burden ranking, as measured in disability adjusted life years (Murray 1997) . Most of the road deaths in developing countries involve vulnerable road users such as pedestrians and cyclists. In Ethiopia, pedestrian injuries account for 84% of all road traffic fatalities compared with 32% in Britain and 15% in the USA (Barss 1998). In the heavily motorised countries drivers and passengers account for the majority of road deaths but pedestrians account for a large proportion of road deaths involving children. The identification of effective strategies for the prevention of road traffic injuries is of global health importance.
Description of the intervention
In urban areas many road traffic crashes are scattered widely, and in such situations traditional treatments for high-risk sites are not appropriate. In high income countries, area-wide traffic calming schemes, including the treatment of both main roads and residential roads, have been proposed as one strategy for reducing scattered crashes. Such schemes aim to discourage through traffic on residential roads and make the roads safer, particularly for vulnerable road users such as pedestrians and cyclists.
Why it is important to do this review
A previous meta-analysis found that area-wide traffic calming schemes on average reduce the number of injury crashes by about 15% (Elvik 2001) . However, this study included uncontrolled before-after studies in which the effect of traffic calming could be confounded by the effect of other concurrent changes in road traffic injury rates. For example, in many high income countries pedestrian injury rates have fallen because walking has become a less popular way of travelling. In this case, the inclusion of uncontrolled studies could exaggerate the apparent effect of traffic calming. We conducted a systematic review of area-wide traffic calming including only controlled before-after studies.
O B J E C T I V E S
To assess the effects of area-wide traffic calming measures on the prevention of traffic related injuries.
M E T H O D S Criteria for considering studies for this review
Types of studies
Studies were included if they involved either of the following research designs:
• Randomised and quasi-randomised controlled trial (RCT)
• Controlled before and after study (CBA)
The definition of CBA is based on that used by the Cochrane Effective Practice and Organisation of Care Group and is given below:
• RCT: A study involving at least one test and one control treatment, concurrent enrolment and follow-up of the test-and control-treated groups, and in which the treatments to be administered are selected by a random process, such as the use of a random numbers table (coin flips are also acceptable). If the author(s) state explicitly (usually by using some variant of the term 'random' to describe the allocation procedure used) that the groups compared in the trial were established by random allocation, then the trial is classified as 'RCT'. Treatment allocations using odd-even numbers, days of the week, or other such pseudo-or quasi-random processes, are designated as quasirandomised.
• CBA: A design where there is contemporaneous data collection before and after the intervention and an appropriate control site or activity.
Types of participants
Areas covering a number of different streets, including residential and main roads, treated with traffic calming measures.
Types of interventions
Area-wide traffic calming measures designed to discourage the use of residential streets for through travel; and to create an environment where residential streets are safe. Eligible schemes included those that involved a number of specific named changes to the road layout, road hierarchy, or road environment, such as:
• Vertical and horizontal shifts in traffic (e.g. road humps, speed cushions, raised crosswalks, raised sections of road, chicanes, mini-roundabouts, road narrowing, channelised slip lanes, etc.)
• Optical measures (chevron road sings, road surface treatment (colour, texture), reduced horizontal visibility (shortened sightlines); audible measures (rumble areas, jiggle bars), alterations to road lighting • Redistribution of traffic or alteration to road hierarchy, (e.g. permanent or temporary blocking of road, diagonal blocks, gateways, creation of one-way streets, re-introduction of two-way streets, four-way stops)
• Changes to road environment (increased vegetation (trees, shrubs) along road, introduction of street furniture).
• Reduced speed limit zones (e.g. 20-mph zones, 30 km/h zones) where speeds are physically limited by traffic calming measures.
We excluded studies evaluating single interventions or those looking solely at the following interventions:
• Enforcement of legal interventions (enforcement of speed limits, increased fines for speeding, speed cameras (mock or real), educational programmes aimed at altering driver or pedestrian behaviour, or interventions involving vehicle design changes).
• Fiscal/financial incentives/disincentives (local tolls to reduce extraneous traffic).
• Studies solely describing intervention which separate different road users (cycle lanes, elevated pedestrian walkways, red (bus) lanes etc.).
• Effects of improved public transport facilities.
• Interventions investigating the effect of alterations to road signs or traffic lights alone.
• "Road Diet" interventions (conversions of, for example, four lane undivided roads into three lanes-two through lanes and a centre turn lane).
Comparison of interventions in studies eligible for this review:
• Area-wide traffic engineering intervention versus no intervention
• Area-wide traffic engineering intervention versus legal and/ or educational and/or fiscal measures
Types of outcome measures
Primary outcomes
• Road user deaths.
• Road user injuries.
• Road traffic crashes.
• Pedestrian-motor vehicle collisions.
Our definition of 'road users' included all road users not just drivers and occupants of motor vehicles.
Secondary outcomes
• Perceived quality of urban environment.
• Perceived safety.
Search methods for identification of studies
Electronic searches
We searched the following electronic databases;
• Cochrane Injuries Group Specialised Register (searched January 2008),
• 
Searching other resources
We handsearched the following conference proceedings:
• Australian Road Research Board (ARRB). Proceedings of the 12th ARRB conference, Hobart Tasmania 27th to 31st August 1984.
• Australian Road Research Board (ARRB). Proceedings of the 15th ARRB conference, Darwin, 26th to 31 August 1990.
• Institution of Professional Engineers New Zealand (IPENZ). Annual conference Christchurch February 1992 Volumes 1 & 2.
• Institution of Professional Engineers New Zealand (IPENZ). Proceedings of the technical session of the group at the annual conference of IPENZ, Auckland 8th to 12th February 1982.
• Institute of Transportation Engineers (ITE). Proceedings of the 45th to 71st ITE annual meeting, 1975 to 2001.
• Institute of Transportation Engineers (ITE). Transportation and traffic theory 9th international symposium, Netherlands 1984.
• Institute of Transportation Engineers (ITE). Residential street design and traffic control 1989.
• Israel Institute of technology. International conference on pedestrian safety. Haifa 20th to 23rd December 1976.
• Landor Publishing Ltd. The third national traffic calming conference. London 18th October 1996.
• Organisation for economic co-operation and development (OECD). Proceedings of the symposium on techniques of improving urban conditions by restraint of road traffic; 25th to 27th October 1971.
• PTRC Transport, Highways and Planning Summer 13th to 18th Annual Meetings, 1985 Meetings, -1990 • Swedish Road and Traffic Research Institute. Proceedings of the conference on strategic highway research program and traffic safety on two continents; Gothenburg Sweden, September 18th to 20th, 1991.
• Swedish Road and Traffic Research Institute. Proceedings of the conference on strategic highway research program and traffic safety on two continents; Gothenburg Sweden, September 27th to 29th, 1989.
• Swedish Road and Traffic Research Institute. Proceedings of the conference on road safety and traffic environment in Europe, Gothenburg Sweden, September 26th to 28th, 1990.
• The Technion Israel Institute of Technology. The second international conference on new ways for improved road safety and quality of life, 7th to 10th October 1991, Tel-Aviv Hilton Hotel, Israel.
• Transportation Research Institute. International conference on new ways and means for improved safety, Tel Aviv, Israel, Feb 20th to 23rd 1989.
• Transport Research Laboratory. Safety 91 Papers on vehicle safety, traffic safety and road user safety research, TRL Laboratory Berks 1st to 2nd May 1991.
We identified further potential published or unpublished studies by checking references of relevant papers and reviews; contacting authors of relevant papers; and contacting international road safety organisations.
Data collection and analysis
Selection of studies
One author examined titles, abstracts, and keywords of citations, as given on electronic databases, for eligibility. Where possible, we obtained the full text of all possible relevant citations. One author decided whether studies met the inclusion criteria, and this was checked by a second author.
Data extraction and management
Two authors independently extracted data from each eligible study using a standard form. Data were extracted on the type of study (e.g. RCT, CBA), characteristics of intervention and control areas, the types of intervention, duration of follow up and the outcomes evaluated. Differences found in data extraction were resolved by discussion. Where necessary, we sought additional information from researchers involved in the studies.
Assessment of risk of bias in included studies
The assessment of the quality of non-randomised trials is problematic. Controlled before-after studies are recognised to be methodologically weaker than randomised controlled trials, and few quality assessment tools exist. In this review we assessed the quality of the CBAs by extracting data on how well the intervention and control areas were matched, and the length of the before and after data collection periods. Because of the potential for contamination, we also noted the distance between the intervention and control areas.
Measures of treatment effect
The results of each study are expressed as rate ratios. The rate ratio is the ratio of event rates post and pre intervention in the intervention area divided by the corresponding post to pre intervention event ratio in the control area. Provided that any changes in the population at risk are the same in both control and intervention areas, the rate ratio gives the reduction in the event rate in the intervention area compared to that in the control area. For example, a rate ratio of 0.8 corresponds to a 20% reduction in events in the intervention area compared to that predicted from the rates in the control area. We calculated standard errors for logarithms of rate ratios and hence 95% confidence intervals for rate ratios, assuming that the number of events in each area in each period followed a Poisson distribution.
Assessment of heterogeneity
We examined statistical heterogeneity by using both the I-squared and Chi 2 tests. The I 2 test describes the percentage of total variation across studies due to heterogeneity rather than chance. A value of 0% indicates no observed heterogeneity, and larger values show increasing heterogeneity; substantial heterogeneity is considered to exist when I 2 > 50% (Higgins 2008). For the Chi 2 statistic, we used a P value of < 0.10 to indicate the presence of statistically significant heterogeneity.
Data synthesis
Using the generic inverse variance method in Review Manager, we combined the rate ratios on a logarithmic scale using a random effects meta-analysis model. The assumption of random effects both allows for the anticipated heterogeneity between effects across studies and provides robustness if the assumption that events follow Poisson distributions is violated through overdispersion. In the analysis of road user deaths, where the majority of studies had no events in at least one period, no test of heterogeneity was carried out and a pooled estimate of the rate ratio was obtained from the column totals. The confidence interval for this estimate would, in expectation, be too narrow since the method ignores the likely heterogeneity between studies. However, under the circumstances of many zero observations, this method has some advantage over the alternative of adding 0.5 when observing zero.
R E S U L T S
Description of studies
See: Characteristics of included studies; Characteristics of excluded studies; Characteristics of ongoing studies.
Results of the search
Our searches identified 13,520 published and unpublished reports. We obtained the full text of 635 reports and of these 22 controlled before-after studies met our inclusion criteria (Charlottenburg 1990; Denmark 1992; GST-Buxtehude 1993; GST-Esslingen 1993; GST-Borgentreich 1993; GST-Ingolstadt 1993; GST-Mainz 1993; GST-Moabit 1993; London 2007; Madrid 2006; Mørkhøj 2001; Osaka 1998; Rijswijk/ Eindhoven 1991; Swindon 1981; Sydney-Canterbury 1990; Sydney-Willoughby 1990; The Netherlands 1992; USP Bradford 1989; USP Bristol 1989; USP Nelson 1989; USP Reading 1989; USP Sheffield 1989) . We found no randomised controlled trials.
Included studies
In all the studies in this review the areas involved were predominantly residential, often located close to the central commercial sector of a large town or city. Area-wide traffic calming involved a reclassification of the streets in the area, aiming to move through traffic away from residential streets and concentrate it on roads that were classified as main roads. In all studies a combination of traffic calming measures was used, including interventions such as road closures, changes to junctions, changes to the road environment (for example with traffic humps or chicanes), improvement in pedestrian crossing facilities and the use of miniroundabouts. Seven studies were conducted in Germany (GST-Borgentreich 1993; GST-Buxtehude 1993; Charlottenburg 1990; GST-Esslingen 1993; GST-Mainz 1993; GST-Moabit 1993; GST-Ingolstadt 1993), seven in the UK (London 2007; Swindon 1981; USP Bradford 1989; USP Bristol 1989; USP Nelson 1989; USP Reading 1989; USP Sheffield 1989) , two in Australia (Sydney-Canterbury 1990; Sydney-Willoughby 1990), two in the Netherlands (Rijswijk/Eindhoven 1991; The Netherlands 1992), two in Denmark (Denmark 1992; Mørkhøj 2001), one in Japan (Osaka 1998), and one in Spain (Madrid 2006). One of the German studies (Charlottenburg 1990) was a pilot scheme for the other six German towns; Borgentreich, Buxtehude, Esslingen, Mainz, Moabit, and Ingolstadt. One of the studies in the UK (Swindon 1981) was a pilot scheme for the other five Urban Safety Project towns; Bradford, Bristol, Nelson, Reading and Sheffield. The two Australian studies both took place in Sydney. More details about individual studies can be found in the Characteristics of included studies table.
Risk of bias in included studies
As there is not an accepted instrument for appraising the quality of controlled before-after-studies we have not attempted a formal quality score or appraisal of the studies. Where possible we collected information on:
• the length of data collection before and after the intervention;
• how intervention and control areas were matched; and • proximity of control area to intervention area.
Berlin Charlottenburg (Charlottenburg 1990):
A controlled before-after study with two years before and two years after data. Berlin Moabit was chosen as the control area.
Little information was given about the control area. Data on the number of crashes and injuries were collected from police records. Incidence of crashes and injuries in the before period were much higher in the control area than the intervention area. Denmark 1992:
A controlled before-after study with three years before data and three years after data. The control areas were selected to match the intervention areas. There was no significant difference in the mean speeds of motor vehicles in the control and intervention areas.
German six towns study (GST-Esslingen 1993; GST-Ingolstadt 1993; GST-Mainz 1993; GST-Moabit 1993; GST-Borgentreich 1993; GST-Buxtehude 1993):
Controlled before-after studies with two years before data and two years after data; except for Borgentreich where the after period was extended to three years to obtain a sufficient sample size. The controlled areas for each town are in brackets.
Berlin-Moabit (Berlin-Wedding), Borgentreich (Borgholz), Buxtehude (Buxtehude-Sud), Esslingen (Nurtingen), Ingolstadt (Regensburg), Mainz-Bretzenheim (Mainz-Finthen). Data on the number of crashes and injuries were collected from police records. The criteria for choosing the control areas were:
• similar sized cities;
• same region of Germany;
• similar structure to the area under study;
• no traffic calming measures;
• availability of data from police records; and • readiness of the city authorities to co-operate.
N.B. additional information provided by one of the study authors.
London 2007:
A controlled before-after study with five years of before data on both the intervention and control group, between one and five years of after data on the intervention group, and three years of after data on the control group. The control roads were all unclassified roads in London.
Madrid 2006:
A controlled before-after study with two years of before data and two years of after data. The control areas and intervention areas were similar in that they both belonged to the highway network of the Autonomous Community of Madrid and both eventually received traffic calming. The control areas received traffic calming at a later date than the intervention areas.
Mørkhøj 2001:
A controlled before-after study with three years of before data and three years of after data. The control area was the remainder of the municipality where the intervention was situated. No other information was given about the control area. Osaka 1998: A controlled before-after study with six years of before data and six years of after data. No other information was given on the control areas. Rijswijk/Eindhoven 1991:
A controlled before-after study with six years before data and five years after data. The control and intervention areas were similar in that they were both residential districts, built before 1972, with adjacent main traffic arteries. To avoid contamination the control areas were not in the immediate vicinity of the demonstration areas. Data on the number of crashes and injuries were collected from police records. Swindon 1981:
A controlled before-after study with four years before data and two years after data. The controls chosen were similar routes where the local council agreed as far as possible to keep roadworks to a minimum. However, the authors note that the 'behaviour' of the control routes was not typical of other types of roads in Swindon during the two year after period. They concluded that the control technique had broken down. Data on the number of crashes and injuries were collected from County Council records. Sydney-Canterbury 1990:
A controlled before-after study with three years before data and two and a half years after data. Although efforts were made to match the control and intervention areas they had different land use characteristics and, unlike the intervention area, the control had no industrial zone. Areas were of a similar size. The areas were close but not immediately adjacent. Data on the number of crashes and injuries were collated from the Traffic Authority of New South Wales records. There was a lower incidence of crashes and injuries in the before period in the intervention area, than in the before period in the control area. Sydney-Willoughby 1990:
Controlled before-after study with two years before data and two years after data.The control area was selected because of its similar traffic problems to the intervention area, although it did not reflect the grid pattern of the study area. Areas were of a similar size. Data on the number of crashes and injuries were collected from the records of the Traffic Authority of New South Wales. In the before period the incidence of crashes was much higher in the intervention area than in the control area. The Netherlands 1992:
A controlled before-after study with three years before data and three years after data. The control areas were roads in built-up areas, excluding arterial roads, in the same municipalities that the intervention areas were situated in. Urban Safety Project (USP Bradford 1989; USP Bristol 1989; USP Nelson 1989; USP Reading 1989; USP Sheffield 1989) : These were controlled before after studies with matched comparison groups. For each town a five year 'before' period was used to detect trends and seasonal variation in the crash pattern and so to establish a range of crashes that might be expected in the 'after' period had the project not taken place. Two years of after data were collected. Any differences in crash-rate between the 'before' and 'after' periods was taken to be due to a combination of system-wide secular effects, random effects and the effects of the scheme itself. The criteria used for choosing the areas in the project were that they were of average risk, had a range of residential network types, and were large enough to show the interaction between main road and residential road traffic redistribution. A second area with similar crash and network characteristics was chosen for the control. The areas were not immediately adjacent. Data on the number of crashes and injuries were collected from police records. Incidence of crashes and injuries in the intervention and control areas were fairly well matched for the before period. Bristol 1989; USP Nelson 1989; USP Reading 1989; USP Sheffield 1989) reported the number of road traffic crashes resulting in injuries. The pooled rate ratio was 0.85 (95% CI 0.75 to 0.96). Individual results for each trial can be seen in Table 2 . There was significant statistical heterogeneity between trials (Chi 2 = 52.24, df = 17, P = <0.0001, I 2 = 67%).
USP
Road traffic crashes
Twelve studies (Charlottenburg 1990; GST-Borgentreich 1993; GST-Buxtehude 1993; GST-Esslingen 1993; GST-Ingolstadt 1993; GST-Mainz 1993; GST-Moabit 1993; London 2007; Mørkhøj 2001; Osaka 1998; Sydney-Canterbury 1990; Sydney-Willoughby 1990) reported the total number of road traffic crashes. The pooled rate ratio was 0.89 (95% CI 0.76 to 1.05).
Individual results for each trial can be seen in Table 3 . There was significant statistical heterogeneity between trials (Chi 2 = 74.59, df = 11, P = <0.00001, I 2 = 85%).
Pedestrian-motor vehicle collisions
Fourteen trials reported the number of pedestrian crashes (GST-Borgentreich 1993; GST-Buxtehude 1993; GST-Esslingen 1993; GST-Ingolstadt 1993; GST-Mainz 1993; GST-Moabit 1993; Osaka 1998; Sydney-Canterbury 1990; Sydney-Willoughby 1990; USP Bradford 1989; USP Bristol 1989; USP Nelson 1989; USP Reading 1989; USP Sheffield 1989) . The pooled rate ratio was 1.01 (95% CI 0.88 to 1.16). Individual results for each trial can be seen in Table 4 . The results should be interpreted with caution; the method of using the column totals to calculate the rate ratio ignored the likely heterogeneity between the studies, and the estimate is likely to be too narrow.
Perceived safety
Two trials looked at residents' perceptions of safety before and after the schemes. In one (Sydney-Willoughby 1990), almost 80% of those who responded (response rate of 43%) supported the council's policy of improving residential safety by reducing the volume of through traffic. However, only 64% supported the permanent installation of the trial scheme. In the other study (Sydney-Canterbury 1990), the majority of residents who responded (65%) felt that the level of safety had remained constant or diminished.
D I S C U S S I O N
Summary of main results
The results of this systematic review of controlled before-after studies shows that area-wide traffic calming schemes may have the potential to reduce road traffic deaths and injuries. Although the effect on road traffic injury deaths alone was in the same direction and of a similar magnitude, the number of road deaths in the included studies was low, and the estimate is likely to be too narrow since the method used ignored the likely heterogeneity between the studies. As very few studies reported the number of deaths and injuries for the different categories of road user (pedestrians, cyclists and vehicle occupants) it was not possible to examine the effect of traffic calming by road user category. Although there was no evidence that traffic calming schemes prevent pedestrian-motor collisions, the possibility that they might reduce the occurrence of pedestrian injury cannot be excluded. An important effect of traffic calming schemes is to reduce the speed of traffic, in which case traffic calming might still reduce the likelihood of injury in the event of a collision.
Overall completeness and applicability of evidence
Road traffic crashes are a major cause of death and injury in low and middle income countries. With increasing motorisation in these countries the problem is likely to get worse. In low income countries the majority of casualties are not motor vehicle occupants; they are pedestrians, cyclists and riders of motorised two-wheelers. Compared to educationally based road safety interventions, areawide traffic calming appears to be a more promising intervention for reducing traffic injuries and deaths. However, further rigorous evaluation is required, particularly in middle and lower income countries.
Quality of the evidence
The validity of a systematic review also depends importantly on the validity of the included studies. Although we found no randomised controlled trials of traffic calming schemes, the inclusion of studies with well matched intervention and control areas, with adequate before and after periods, may avoid the problem of confounding by changes in the background rate of injury. All of the included studies collected at least one year before and two years after data, with a number collecting up to six years of before or after data.
Potential biases in the review process
There are a number of methodological issues that could have an important bearing on the validity of these results. Publication and other selection biases are a potential threat to validity in all systematic reviews but this is a particular problem in road safety where a large proportion of the available research information is published in the grey literature of the road safety research organisations. There are also problems identifying the published controlled studies in the road safety databases (Wentz 2001). Search strategies for identifying controlled studies in medical databases can achieve high sensitivity and positive predictive value because terms describing the study methodology are included among the indexing (descriptor) terms. Road safety databases however, have a very limited range of indexing terms describing the study methodology. Because of these problems we used only limited methodological search terms when searching the TRANSPORT databases but screened all studies of traffic calming schemes for eligibility. Nevertheless, despite our considerable efforts to identity all eligible studies, published and unpublished and irrespective of language of publication, we cannot exclude the possibility of selection bias.
Although we chose to pool the data in a random effects metaanalysis, because there was significant heterogeneity for both the pooled number of road traffic crashes and the number of road traffic crashes resulting in injuries, these results should be interpreted with caution. The observed heterogeneity may be due to differences in study design, differences in the types of traffic calming schemes involved, or to differences in the way outcomes were defined and data collected. There was no evidence of statistical heterogeneity for the other outcomes, death and pedestrian motorvehicle collisions. However, it is still plausible that heterogeneity did exist as there is no reason to assume that differences between studies would cause heterogeneity for some outcomes but not for others.
A U T H O R S ' C O N C L U S I O N S
Implications for practice
Area-wide traffic calming appears to be a promising intervention for reducing traffic injuries and deaths in towns and cities. However, further rigorous evaluation is needed before we can answer the question conclusively.
Implications for research
In searching for studies of traffic calming we found numerous uncontrolled before-after studies but only 22 controlled beforeafter studies and no randomised controlled trials. Traffic calming interventions need to be properly evaluated using well-designed controlled studies, so that we can more accurately estimate their effects. In addition, researchers need to assess the effect of these interventions in middle and lower income countries. 
C H A R A C T E R I S T I C S O F S T U D I E S
Characteristics of included studies [ordered by study ID]
Charlottenburg 1990
Methods CBA 2 yrs before data. 2 yrs after data. 
Notes
Part of the German study on traffic calming in six towns. Injury data collected from police records. No information given on perceived safety or quality of environment
GST-Buxtehude 1993
Methods CBA 2 yrs before data. 2 yrs after data.
Participants
I) The northern half of the centre of Buxtehude, a mix of shopping and residential areas. C) Areas to the south in Buxtehude.
Interventions I) Measures included road narrowing, speed restrictions and a wide range of traffic restraint measures. C) No area-wide traffic calming.
Outcomes
Road traffic crash related deaths and injuries. All road traffic crashes. Pedestrian crashes.
Notes
GST-Esslingen 1993
Participants I) Area of the town which is a mixture of residential, industrial and commercial properties. C) Similar district in Nurtingen.
Interventions I) Area-wide traffic calming including reconstruction of major roads and renewal of residential roads. C) No area-wide traffic calming.
Outcomes
Notes
GST-Ingolstadt 1993
Participants I) Most of the old part of the town. C) Old part of the town of Regensburg.
Interventions I) Area-wide traffic calming including street renewal. C) No area-wide traffic calming.
Outcomes
Notes
GST-Mainz 1993
Participants I) Rural area of Mainz (Mainz-Bretzenheim). Area was 200 hectares with 11,000 inhabitants. C) Another part of Mainz (Mainz-Finthen).
GST-Mainz 1993 (Continued)
Interventions I) Area-wide traffic calming including reconstruction of public spaces, road narrowing and narrowing of road entrances. C) No area-wide traffic calming.
Outcomes
Notes
GST-Moabit 1993
Participants I) Densely populated residential area near the city centre. C) A part of the district Berlin-Wedding.
Interventions I) Area-wide traffic calming including rebuilding of major roads and increasing the level of vegetation in streets. C) No area-wide traffic calming.
Outcomes
Notes
Part of the German study on traffic calming in six towns. No information given on perceived safety or quality of environment
London 2007
Methods CBA I) 5 yrs before data 1-5 yrs after data C) 5 yrs before data 3 yrs after data Participants I) 78 20 mph zones in London C) All unclassified roads in London
Interventions I) Area-wide traffic calming including road humps, raised junctions, speed cushions, chicanes, and raised footways. C) No area-wide traffic calming.
London 2007 (Continued)
Outcomes Road traffic crash related injuries, deaths and serious injuries, and injuries to pedestrians, cyclists, powered 2-wheeler riders, and car occupants All road traffic crashes and crashes involving a death or serious injury Road traffic crash related injuries to children.
Notes
Collision data collected from police records.
Madrid 2006
Methods CBA 2 yrs before data 2 yrs after data Participants I) Undivided rural roads belonging to the highway network of the Autonomous Community of Madrid that received treatment between 1986 and 1989 C) Undivided rural roads belonging to the highway network of the Autonomous Community of Madrid that received treatment between 1990 and 1993. i.e. roads that during the time period of the study did not receive treatment but would later be treated The intervention area had been suffering from a high accident rate before the intervention. Speed reducing measures in the intervention area were placed further apart than recommended in Danish road guidelines
Osaka 1998
Methods CBA 6 yrs before data 6 yrs after data Participants Ia) 10 districts in Osaka with "road-pia" projects that started in 1987 or earlier Ib) 9 districts in Osaka with "community street" projects C) 9 districts in Osaka Interventions Ia) "Road-pia" project introduced area-wide traffic calming including speed humps, limited street width, coloured pavement, chicanes, and entry treatments. Ib) "Community street" projects introduces chicanes, improved pavements, street furniture, and increased vegetation. 
Notes
Project began in 1976. The control areas were larger than the intervention areas and had many more residents. However, the residential density per hector was higher in the intervention area
Swindon 1981
Methods CBA 4 yrs before data. 2 yrs after data. Outcomes Road traffic crash related injuries.
Notes
Behaviour of the control routes was atypical of other types of road in Swindon during the study period. No information given on perceived safety or quality of environment
Sydney-Canterbury 1990
Methods CBA 3 yrs before data. 2.5 yrs after data. The control area was chosen due to its closeness to the trial area and its similar characteristics Participants I) Predominantly residential area in Sydney, Australia. The area also contained an industrial zone. C) An area to the south of the test area. This area was different in that it did not contain an industrial zone Interventions I) Local area traffic management scheme (LATM) implemented in 1982, including speed humps, slow points, roundabouts and a 40km speed limit. C) No LATM scheme.
Outcomes
Road traffic crash related deaths and injuries. All road traffic crashes. Pedestrian crashes. Residents opinions on the value of LATM.
Notes
The schemes in Canterbury and Willoughby are both reported in the same paper. Collision data collected from police records.
Sydney-Willoughby 1990
Participants I) Predominantly residential area in Sydney, Australia. C) Selected because of its similar traffic problems to the interventions area. The street network of the control area, however, did not reflect the grid pattern of the study area #19 randomi* or randomly #20 controlled near (trial or trials or study or studies or experiment*) #21 "before and after" #22 control group* #23 intervention group* #24 experimental group* #25 OR/ #19-#24 #26 #18 AND #25 Appendix 3. CENTRAL search strategy #1 traffic next restrain* #2 traffic next calm* #3 traffic next engineering #4 road next design* #5 road next layout #6 "local traffic control" #7 traffic next distribution #8 speed next cushion* #9 speed next hump* #10 speed next bump* #11 speed next table* #12 "vehicle speed control*" #13 road next narrowing #14 road next hierarchy #15 "left turn lane*" #16 20 next zone* #17 30 next zone* #18 or/1-17
A D D I T I O N A L T A B L E S
